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Arthritis and chronic joint symptoms are major health prob-
lems through out the world, as evident from a reported rate
of 13%, in 2001, in Shanghai population1 to a recent report
of 33% rate in American adults2. Among the leading events
in arthritis and related diseases are the damage and
degradation of articular cartilage. Considering the molecu-
lar structures of articular cartilage and the biological roles of
articular cartilage in the joint motion, cartilage studies can
be divided into two different types: morphological and
molecular. The morphological studies determine the total
volume and complete thickness of cartilage tissue non-
invasively, while the molecular studies monitor the mol-
ecular environment and activities in the tissue via some
measurable quantities in biophysics, biochemistry, and
biomechanics. The purposes of determining the morpho-
logical features of the tissue stem from the fact that the
volume and thickness of the cartilage are closely related to
the health status of the tissue and that the early lesion
tends to be focal and to cause some increased roughness
at the articular surface. The purposes of monitoring the
molecular activities and environment aim to understand
the fundamental causes and clinical consequences of the
tissue degradation.
Because of its unique combination of being able to obtain
details of local molecular environments noninvasively and
being able to image soft tissue in three dimensions non-
destructively, magnetic resonance imaging (MRI) is now an
indispensable tool in hospitals and laboratories. Significant
progresses have been made in the last decade in the
diagnostics of the cartilage diseases and towards the
understanding of the molecular mechanisms in healthy
tissues and the tissues with lesion3–6. Some noticeable
examples include proton density imaging that measures
the tissue hydration, magic angle imaging via the spin–spin
(T2) relaxation that monitors the prevailing collagen (or
macromolecular) orientation, and charge-based imaging
via contrast agents such as Gd(DTPA)2− that mark specifi-
cally the distribution of glycosaminoglycans in cartilage.
This editorial concerns the determination of the total
volume and complete thickness of articular cartilage using
MRI. Given the unique anatomic and molecular structures
of articular cartilage and synovial joints, there are two
crucial requirements for assessing the volume and thick-
ness of cartilage, using MRI accurately and precisely. First,
because of the curvature of the articular surface in a single
joint, the structural heterogeneity of the articular cartilage
over the curved two dimensional (2D) joint surfaces, and
the thinness of the cartilage tissue, the image matrix needs
to be 3D and must have the highest possible spatial
resolution to minimize any fractional loss of the tissue7–11.
The ideal MRI protocol uses a 3D k-space sampling, which
offers several distinct advantages over the 2D multiple
slicing protocols. First, the 3D sampling eliminates the
positioning issue of the 2D slices, which could be critical
in longitudinal assessment of patients and in multi-
methodological comparison. Second, a 3D sampling can
provide a better spatial resolution at the 2D slice direction,
which minimizes the tissue loss due to the partial volume
effect at the boundaries of the tissue and peripherals of the
curved joint. Finally, a 3D sampling sequence normally
offers a shorter echo time (TE) than a 2D slice selection
sequence, which leads to a more accurate measurement of
the tissue (see the subsequent discussion). The major
disadvantage of the 3D imaging protocol, when the
spatial resolution is high, is its computer-memory and
time-consumption.
The second critical requirement in the volume and thick-
ness assessment using MRI comes from the fact that
articular cartilage has a strong tissue-depth-dependent
anisotropy in magnetic field, i.e., the image intensity of
cartilage tissue at different depths varies and depends on
the tissue’s local orientation with respect to the direction of
the external magnetic field, a phenomenon known as the
magic angle effect or the laminar appearance of cartilage in
MRI5. This tissue anisotropy has its origin on the proton
dipolar interactions and the collagen matrix organization,
which influence the T2 relaxation in the tissue with a known
dependency on the angle between the proton dipole and
the magnetic field. This phenomenon is most noticeable in
the superficial and deep radial zones in articular cartilage
where the collagen fibers are more organized. Tissue in
these zones can have T2 as short as a few milliseconds12,
resulting in a low intensity in MR images and a possible
loss in any post-acquisition calculation. MRI assessments
of total volume and complete thickness, hence, have a
‘systematic tendency’ of being underestimated. It is always
beneficial, therefore, to have a short TE in the imaging
protocol if one wants to measure the total volume and
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complete thickness of cartilage accurately13–15. For
example, the projection reconstruction protocol with a TE of
3.2 ms has allowed an accurate delineation of the cartilage
and a more precise measurement of cartilage thickness
compared with that performed by the conventional spin–
echo approach15. Further refinement of this and other
reconstruction protocols will likely improve the volume and
thickness measurement.
In summary, in our quest for cartilage-related disease
assessment and monitoring, recent advances in MRI tech-
nology have provided much improved correlation between
MRI measurement and the current histological gold stand-
ard of polarized light microscopy. The non-destructive and
noninvasive aspects of MRI, both in vivo as well as in vitro,
offer the possibility of early detection and effective treat-
ment monitoring, and of contributing to our understanding
of the etiology of cartilage diseases at both clinical and
molecular levels.
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